Gene expression programs determine cell fate in embryonic development and their 20 dysregulation results in disease. Transcription factors (TFs) control gene expression by 21 binding to enhancers, but how TFs select and activate their target enhancers is still unclear.
excluded from HOXA2 peaks (Fig. 2B) . Supporting functional significance, HOXA3 peaks 163 containing TGATTCAT display increased acetylation levels (a mark of active enhancers) 164 (Creyghton et al., 2010) in HOXA3-expressing tissues (Fig. 2C ). In addition, while HOXA2 165 peaks display a very high representation of TGATGGAT and TGATTGAT, HOXA3 high 166 confidence binding allows higher variability (four variants are counted > 20 times in HOXA3 167 peaks as opposed to only two variants in top HOXA2 peaks) (Fig. 2B ). The highest 168 differential enrichment of TGATNNAT variants is observed in top HOXA2 and HOXA3 peaks 169 ( Fig. 2-Supplemental Fig. 1A) , which also display minimal overlap across the genome (Fig. 170 1E); this suggests that the ability to recognize different sequences plays a role in genomic 171 site selections. Finally, the majority of HOXA3 (158/250) and HOXA2 (160/250) top peaks 172 contain MEIS recognition motif, at a preferential distance of less than 20 nt from the 173 TGATNNAT motif (Fig. 2-Supplemental Fig. 1B) . The Sulf2 locus exemplifies HOXA3 174 specific binding in PBA: it contains a single TGATTCAT motif and displays high HOXA3 175 occupancy, but no detectable HOXA2 binding ( Fig. 2DE ). We used electrophoretic mobility 176 shift assay (EMSA) to establish if HOXA3 preferentially recognizes the TGATTCAT 177 sequence in vitro. We did not observe any HOXA2 or HOXA3 binding to the Sulf2 probe detect HOX-PBX variants exclusively recognized by HOXA2. To investigate the mechanisms associated with high levels of HOXA2 binding (Amin et al., 2015) (Fig. 3A and Fig. 3-191 Supplemental Fig. 1A ) and are downregulated in Hoxa2 null BA2 (Donaldson et al., 2012) . In 
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HOXA2 is more efficient at activating both target regions, in the presence of PBX and MEIS.
208
To understand if this reflects HOXA2 and HOXA3 different DNA binding properties, we 209 generated HOX chimeric proteins by swapping HOXA2 and HOXA3 DNA-binding HDs. We 210 found that providing HOXA2 with HOXA3 HD did not substantially change the ability of 211 HOXA2 to activate transcription from the Meis2 enhancer ( Fig. 3E) . Similarly, the ability of 212 HOXA3 to transactivate the Meis2 and Zfp703 enhancers, alone or in complex with MEIS enhancer, but interact with PBX and MEIS to form a ternary protein complex on DNA ( Fig. 
219
3G-H). A larger fraction of MEIS-PBX complex is bound by HOXA2, while addition of HOXA3 220 result in a less robust supershift ( Fig. 3GH ). We observed the same binding patterns using 221 HOX chimeras: swapping HOXA3-HD with HOXA2-HD did not improve the ability of HOXA3 222 to form a ternary complex with PBX and MEIS, and did not affect HOXA2 ability to bind DNA 223 in complex with MEIS and PBX ( Fig. 3I ). Finally, altering the sequence of the HOX-PBX 224 motif abolished formation of a HOX-MEIS-PBX complex on DNA (Fig. 3J ). These results 225 indicate that the differential ability of HOXA2 and HOXA3 to bind and activate transcription 226 does not depend on HOX-DNA binary binding. Rather, it reflects differential abilities to form 227 functional HOX-TALE complexes on DNA and is encoded by residues outside the HOXA2 228 and HOXA3 HD. In summary, while HOXA2 does not exclusively access its sites (HOXA3 229 can bind as well, Fig. 3A ), HOXA2 binds more efficiently with TALE at these sites, leading to 230 increased transcriptional activation. Consistently, shared high-confidence HOXA2 and 231 HOXA3 binding events are largely associated with genes expressed at higher levels in the 232 BA2 ( Fig. 3K ). Thus, at least in part, HOXA2 instructs the formation of a BA2 by raising the 233 expression levels of HOX-regulated genes. Crucially, among these genes is Meis2, which 234 encodes a critical component for BA2 identity (Amin et al., 2015) . expression, the BA3 ( Fig. 4AB and Fig. 1B ). To assess how changes in HOXA2 dose affect display lower levels of HOXA2 and also express HOXA3 (Fig. 1B) . We investigated the 248 effect of decreasing HOXA2 levels and increasing HOXA3 levels on HOXA2 target 249 enhancers. We found that co-expressing HOXA2 and HOXA3 reduced activation of HOXA2 250 target enhancers in vitro (Fig. 4E ). In conclusion, a lower dose of HOXA2 decreases HOXA2 251 binding and activating abilities. This effect, combined with the lower efficiency of HOXA3 to 252 activate HOXA2 targets, dampens HOXA2 transcriptional program in the PBA.
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HOX directly cooperates with MEIS
254
Our results indicate that HOX selectivity is displayed in concert with TALE. Generally,
255
binding with TALE appears to be a dominant feature of HOX binding in the BAs. HOX peaks Fig. 1A ). We previously discovered 259 that HOXA2 switches its transcriptional program by increasing binding of MEIS TFs to 260 potentially lower-affinity sites across the genome (Amin et al., 2015) . We investigated if 261 HOXA3 can similarly increase MEIS binding levels. The fraction of MEIS peaks that overlaps 262 HOXA3 binding displays higher FE in PBA, relative to the HOX-free BA1 (Fig. 5B ). Hoxa2 is 263 also expressed in PBA, where it could be entirely responsible for the observed increase in 264 MEIS binding. Therefore, to assess HOXA3 unique contribution to MEIS binding increase,
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we extracted HOXA3-specific binding. We found that MEIS peaks in PBA that overlap 266 HOXA3 'exclusive' peaks, display higher FE (relative to MEIS non-overlapping HOX),
267
indicating that HOXA3 also increases binding of MEIS ( Fig. 5C ), similar to HOXA2 in BA2 identifying direct cooperativity as the underlying mechanism. Direct cooperativity with MEIS expectation is supported by the enrichment of FOX motifs in HOXA3 and MEIS differential 321 binding in PBA, but not HOXA2 and MEIS differential binding in BA2 (Fig. 6BH) . Indeed, in 322 silico mutagenesis predicts mutations in FOX TF recognition sites to affect binding of both 323 HOXA3 and MEIS in PBA, but not HOXA2 and MEIS in BA2 (Fig. 6J, Fig. 6 -Supplemental 324 Fig. 2G ). In contrast, mutagenesis of GATA motifs (enriched in MEIS differential peaks, but 325 not in HOX peaks) does not appear to affect HOX-MEIS binding (Fig. 6J) . These results patterns of enhancer activation (Fig. 7) . Interestingly, MEIS2 interacts with PARP1 (Hau et Table S1 . DNA libraries were constructed using the MicroPlex Library 
462
All RNA-seq and ChIP-seq datasets are available on the ArrayExpress with accession 
